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(54) Multiple-axis photoelectric sensor with interfering light detection means

(57) Detection of interfering light is performed based
on an interfering light detection timing signal Si set im-
mediately before a blockage detection timing signal Sr.
If interfering light is detected consecutively with respect
to the same optical axis according to interfering light de-
tection timing, the length of blank period tb is reduced
to shift the positions of pulses of the blockage detection
timing signal, thereby avoiding overlap between these
pulses and pulses of interfering light on the time axis. In
this manner, mutual interference between multiple-axis
photoelectric sensors can be prevented without provid-
ing sync line wiring between the photoelectric sensors.
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Description

[0001] The present invention relates to a photoelectric
sensor and, more particularly, to an arrangement in
which mutual interference between photoelectric sen-
sors is prevented.
[0002] As this kind of photoelectric sensor, a multiple-
axis photoelectric sensor disclosed in Japanese Patent
Publication No. 2911369 is known. In this photoelectric
sensor, a light-projecting device having a plurality of
light-projecting elements and a light-receiving device
having a plurality of light-receiving elements are op-
posed to each other and each light-projecting element
and the corresponding light-receiving element form an
optical axis. A light-projecting scanning operation is re-
peatedly performed in such a manner that the light-pro-
jecting elements provided in the light-projecting device
successively project light according to predetermined
light-projecting timing. A state in which light from each
light-projecting element is blocked at the optical axis is
detected on the basis of a received light signal from the
light-receiving element which forms the optical axis in
associationwith the light-projecting element. Through
the blocked state of light thereby detected, entering of
an object into the detection area is sensed.
[0003] A plurality of multiple-axis photoelectric sen-
sors may be disposed to detect entering of an object into
a wider area. For example, multiple-axis photoelectric
sensors maybe placed close to each other as shown in
FIG. 20. In such a case, when a blocked state at one of
the optical axes of the multiple-axis photoelectric sensor
111 in the upper position, for example, is detected, there
is a possibility of light projected from the multiple-axis
photoelectric sensor 112 in the lower position entering
as interfering light into the light-receiving element of the
upper multiple-axis photoelectric sensor 111. In such a
situation, an error in operation may occur such that
when light from the upper multiple-axis photoelectric
sensor 111 is blocked at the optical axis, interfering light
entering from the lower multiple-axis photoelectric sen-
sor 112 causes failure to detect the blocked state at the
optical axis.
[0004] To avoid such mutual interference, it is neces-
sary to control the light-projecting scanning operation so
that the periods of projection from the multiple-axis pho-
toelectric sensors placed close to each other do not
overlap each other. To do so, a sync method is ordinarily
used in which one of the two multiple-axis photoelectric
sensors 111 and 62 is set as a master station while the
other is set as a slave station, a sync signal is transmit-
ted from the master station to the slave station, and the
slave station performs the scanning operation with a
phase difference from the master station. If this method
is used, the multiple-axis photoelectric sensor 112 does
not perform detection of a received light signal when one
of the light-projecting elements of the other multiple-axis
photoelectric sensor 111 is being lighted. Thus, this
method has the advantage of preventing the above-de-

scribed mutual interference.
[0005] However, the above-described sync method
has a problem in that a troublesome wiring operation is
required and the number of operation steps accompa-
nying installation of the devices is large.
[0006] Also, this kind of multiple-axis photoelectric
sensor is ordinarily arranged to perform an operation for
detection as to whether a received light signal is gener-
ated from each of light-receiving element at a time when
none of light-projecting element is lighted to determine
whether interfering light exists. If a synchronization error
occurs accidentally in the sync system to cause a coin-
cidence between lighting and timing of detection of in-
terfering light, interfering light is periodically detected
since the light-projecting scanning operation is being
performed essentially in constant cycles, resulting in de-
termination that a sensor abnormality has occurred.
[0007] Also in the case where a plurality of photoelec-
tric sensors each formed of a pair of light-projecting and
light-receiving elements are disposed adjacent to each
other, interfering light from one of the photoelectric sen-
sors may enter another of the photoelectric sensors to
cause an error in operation. To prevent such mutual in-
terference, a method has been proposed in which the
photoelectric sensors are connected by a sync line as
in the above-described multiple-axis photoelectric sen-
sor, and in which light-projecting timing is controlled so
that the photoelectric sensors perform projection and re-
ceiving of light at different times. However, the connec-
tion of the sync line is also troublesome and there is a
need to provide a wiring space. Therefore, it is desirable
for ordinary users to avoid use of the sync line.
[0008] Amethod for preventing mutual interference
without using a sync line is disclosed in Japanese Patent
Laid-Open No. 57-136179. According to this method,
the influence of interfering light is avoided by monitoring,
at one of a plurality of photoelectric sensors, the en-
trance of light from another of the photoelectric sensors
immediately before the light-projecting time, determin-
ing that interfering light from another of the photoelectric
sensors is received when the interfering light is re-
ceived, and shifting the light-projecting time to a later
time (away from the time at which interfering light is re-
ceived).
[0009] Each of the above-described methods enables
prevention of mutual interference in the case where
there are two photoelectric sensors interfering with each
other. However, in the case where there are three pho-
toelectric sensors interfering with each other, the meth-
od has a drawback described below. That is, the light-
projecting period of each photoelectric sensor is deter-
mined with reference to a clock oscillated by internal os-
cillation means. This oscillation means is arranged to
output an oscillated clock with a predetermined oscilla-
tion period, but has a slight error in the period for each
photoelectric sensor. Therefore, in the case where the
interval between the time at which light is to be projected
from one of the photoelectric sensors and the time at
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which interfering light comes from another of the photo-
electric sensors before the projection of light is gradually
reduced by delay of the time of arrival of interfering light,
and where the time of projection from the photoelectric
sensor from which light is about to be projected is shifted
to a later time, light projected from this photoelectric sen-
sor may be superimposed on interfering light subse-
quently projected from another of the photoelectric sen-
sors. In such a case, mutual interference cannot be pre-
vented.
[0010] In view of the above-described circumstances,
a first object of the present invention is to provide a mul-
tiple-axis photoelectric sensor which, when operating in
a group of a plurality of the same multiple-axis photoe-
lectric sensors, is capable of preventing mutual interfer-
ence between the photoelectric sensors without sync-
line wiring.
[0011] Another object of the present invention is to
provide a photoelectric sensor capable of reliably avoid-
ing the influence of interfering light even in an environ-
ment in which it is subjected to interference from other
photoelectric sensors.
[0012] In the case where a plurality of multiple-axis
photoelectric sensors may be disposed close to each
other,. if the photoelectric sensors project light in the
same cycles, the time at which one of the multiple-axis
photoelectric sensors projects light and the time at
which another of the multiple-axis photoelectric sensors
projects light may overlap each other on the time axis
to cause mutual interference. In a multiple-axis photoe-
lectric sensor of the present invention arranged to solve
this problem, when light-receiving elements output re-
ceived light signals when none of light-projecting ele-
ments is lighted, interfering light is detected by interfer-
ing-light detection means on the basis of the received
light signals. When the interfering light is detected, the
time at which a light-projecting scanning operation of
light-projecting control means is started is changed. The
possibility of overlap between the times at which the two
multiple-axis photoelectric sensors emit light is thereby
eliminated to prevent mutual interference.
[0013] In the photoelectric sensor of the present in-
vention, the interfering-light detection means monitors
entrance of interfering light from other photoelectric sen-
sors on the basis of the received light signals from the
light-receiving means using the non-projecting period.
In this photoelectric sensor, even in the case where the
timing of detection of interfering light from one of the oth-
er photoelectric sensor is shifted due to execution of a
shift of the light-projecting timing in accordance with
some of shift patterns in another photoelectric sensor,
changing means selects a shift pattern such as to avoid
overlap between the detection timing and the light-pro-
jecting timing in this photoelectric sensor, and shifts the
light-projecting timing in accordance with the selected
shift pattern, thus preventing overlap between the de-
tection timing and the light-projecting timing irrespective
of the shift pattern in which interfering light from another

photoelectric sensor is shifted.
[0014] In the case where the interfering light from an-
other photoelectric sensor detected by the interfering-
light detection means is about to overlap the light-pro-
jecting timing of the light-projecting means, the chang-
ing means executes a shift in accordance with the first
shift pattern whereby the light-projecting timing is shift-
ed by a small amount away from the time of arrival of
interfering light. In the case where interfering lights from
two of the other photoelectric sensors are about to over-
lap the light-projecting timing simultaneously from op-
posite directions, the changing means executes a shift
in accordance with the second shift pattern whereby the
light-projecting timing is shifted so as to jump the time
of arrival of one of the interfering lights. In the case
where the time of arrival of interfering light from another
photoelectric sensor is at a point spaced apart by a pre-
determined amount from the light-projecting timing larg-
er than the amount of shift in the second shift pattern,
the changing means executes a shift in accordance with
the third shift pattern whereby the light-projecting timing
is shifted so that the point spaced apart by the prede-
termined amount from the time of arrival of interfering
light is maintained even if the timing of detection of in-
terfering light from another photoelectric sensor is shift-
ed.
[0015] According to the above-described arrange-
ment, it is possible to prevent occurrence of overlap be-
tween the time of arrival of interfering light from another
photoelectric sensor and the light-projecting timing due
to execution of a shift in accordance with the first or sec-
ond shift pattern. In a situation where this and other pho-
toelectric sensors detect interfering light from each oth-
er, it is possible to predict a point to which the time of
arrival of interfering light from another photoelectric sen-
sor is shifted. However, in a situation where interfering
light from another photoelectric sensor enters the light-
receiving means of this photoelectric sensor but light
projected from this photoelectric sensor does not enter
another photoelectric sensor, there is a possibility of the
time of arrival of interfering light from another photoe-
lectric sensor being abruptly shifted largely by the sec-
ond shift pattern.
[0016] Therefore, in the case where the time of arrival
of interfering light from another photoelectric sensor is
at a point spaced apart by a predetermined amount from
the light-projecting timing larger than the amount of shift
in the second shift pattern, the changing means exe-
cutes a shift in accordance with the third shift pattern
whereby the light-projecting timing is shifted so that the
point spaced apart by the predetermined amount from
the time of arrival of interfering light is maintained even
if the timing of detection of interfering light from another
photoelectric sensor is shifted. If such a shift is execut-
ed, overlap between the time of arrival of interfering light
and the light-projecting timing can be avoided even
though there is a possibility of the time of arrival of in-
terfering light from another photoelectric sensor being
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abruptly shifted largely by the second shift pattern.
[0017] Further, if the interval between the interfering
lights from two of the other photoelectric sensors is larg-
er than the amount of shift in the second shift pattern in
the case where the changing means shifts the light-pro-
jecting timing with respect to the interfering lights from
the other two photoelectric sensors, the changing
means executes a shift in accordance with the fourth
shift pattern with priority over a shift in accordance with
the third shift pattern whereby the light-projecting timing
is shifted so that the time of arrival of one of the inter-
fering lights from the other two photoelectric sensors
closer to the light-projecting timing is set adjacent to the
light-projecting timing opposite from the direction of shift
in the second shift pattern.
[0018] According to this arrangement, although there
is a possibility of the time of arrival of interfering light
being abruptly shifted largely by execution of a shift in
accordance with the second shift pattern in one of the
two photoelectric sensors when interfering light is re-
ceived from the two photoelectric sensors, only the in-
terfering light from the photoelectric sensor closer to the
light-projecting timing may be considered if the interval
between the times of arrival of interfering light from the
two photoelectric sensors is larger than the amount of
shift in the second shift pattern. Therefore the changing
means executes a shift in accordance with the fourth
shift pattern whereby the light-projecting timing is shift-
ed so that the time of arrival of interfering light from the
photoelectric sensor closer to the light-projecting timing
is set adjacent to the light-projecting timing opposite
from the direction of shift in the second shift pattern. In
this manner, it is possible to reduce the light-projecting
period and to prevent a reduction in response while
avoiding the influence of interfering light.
[0019] Also, count means for counting the number of
interfering lights from other photoelectric sensors de-
tected by said interfering-light detection means during
one non-projecting period may be provided and alarm
means for notifying an inability to prevent interference if
the count value of the count means exceeds the number
at which interference can be avoided may also be pro-
vided. According to this arrangement, the interference
avoidance operation by the changing means is inhibited
when the number of interfering lights exceeds the
number at which interference can be avoided. In such
a case, a notice of an inability to prevent interference
may be issued according to the excess of the count val-
ue to urge the user to take steps to avoid interference.

FIG. 1 is a perspective view of the construction of a
multiple-axis photoelectric sensor which represents
a first embodiment of the present invention;
FIG. 2 is a circuit diagram showing the electrical
configuration of the multiple-axis photoelectric sen-
sor;
FIG. 3 is a timing chart showing the operation of the
multiple-axis photoelectric sensor;

FIG. 4 is a flowchart of a blockage detection routine;
FIG. 5 is a flowchart of an interfering light detection
routine;
FIG. 6 is a block diagram schematically showing an
electrical configuration of a second embodiment of
the present invention;
FIG. 7 is a schematic diagram showing an arrange-
ment in which interfering light is received from an-
other device;
FIG. 8 is a timing chart showing a received light sig-
nal;
FIG. 9 is a schematic diagram showing an arrange-
ment in which interfering light is received from other
two devices;
FIG. 10 is a timing chart showing received light sig-
nals;
FIG. 11 is a diagram showing an arrangement in
which interfering light is received from other two de-
vices but one of another devices does not receive
interfering light from the observed device;
FIG. 12 is a timing chart showing received light sig-
nals;
FIG. 13 is a timing chart showing a received light
signal in the case where the time of arrival of inter-
fering light from another device overlaps the light-
projecting time of the observed device;
FIG. 14 is a timing chart showing a received light
signal in the case where the light-projecting time of
the observed device overlaps the time of arrival of
interfering light from another device;
FIG. 15 is a timing chart showing received light sig-
nals in the case where the times of arrival of inter-
fering light from another devices do not overlap the
light-projecting time of the observed device;
FIG. 16 is a timing chart showing received light sig-
nals in the case where the interval between the
times of arrival of light-projecting time from other
two devices is equal to or smaller than two terms;
FIG. 17 is a timing chart showing received light sig-
nals in the case where the interval between the
times of arrival of light-projecting time from other
two devices exceeds two terms;
FIG. 18 is a flowchart showing main process per-
formed by a CPU;
FIG. 19 is a flowchart showing an interference
avoidance operation performed by the CPU; and
FIG. 20 is a perspective view of the construction of
a conventional multiple-axis photoelectric sensor.

<First Embodiment>

[0020] A first embodiment of the present invention will
be described with reference to FIGS. 1 to 5.
[0021] Amultiple-axis photoelectric sensor 1 of this
embodiment is constituted by a light-projecting device
2 and a light-receiving device 3 opposed to each other,
as shown in FIG. 1. The multiple-axis photoelectric sen-
sor has, for example, optical axes L for four channels.
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Four light emitting diodes (LEDs) 21a to 21d each cor-
responding to one channel are arranged in a vertical row
in the surface of the light-projecting device 2 facing the
light-receiving device 3, while photodiodes 31a to 31d
(hereinafter referred to as PDs 31a to 31d) respectively
forming pairs with the LEDs 21a to 21d are arranged in
a vertical row in the surface of the light-receiving device
3 facing the light-projecting device 2. Therefore LEDs
21a to 21d correspond to the light-projecting elements
while the PDs 31a to 31d correspond to the light-receiv-
ing elements respectively forming pairs with the light-
projecting elements to form an optical axis. Also, a mul-
tiple-axis photoelectric sensor 10 is placed below and
close to the multiple-axis photoelectric sensor 1 as
viewed in FIG. 1.
[0022] FIG. 2 shows the electrical configuration of the
multiple-axis photoelectric sensor 1. The light-projecting
device 2 has drive circuits 22a to 22d, which respectively
supply drive currents to the LEDs 21a to 21d when re-
ceiving signals from AND circuits 23a to 23d. Output sig-
nals from a shift register 24 and a projecting-side CPU
25 are input to the AND circuits 23a to 23d. When both
the signals from the shift register 24 and the projecting-
side CPU 25 are input to each AND circuit, the AND cir-
cuit sends a signal to a corresponding one of the drive
circuits 22a to 22d. The projecting-side CPU 25 receives
a light-projecting timing signal St from a receiving-side
CPU 35 provided in the light-receiving device 23 as de-
scribed below, and outputs the light-projecting timing
signal St to the shift register 24 and the AND circuits 23a
to 23d.
[0023] This light-projecting timing signal St is a pulse
signal having a predetermined period and generated by
the receiving-side CPU 35 to determine timing of lighting
of the LEDs 21a to 21d. Four pulses are generated in
one period (length T) of light-projecting timing signal St
at equal intervals with an intervening period of time ta,
and a blank period tb of a predetermined length is set
after the fourth pulse. A light-projecting scanning oper-
ation whereby the four LEDs 21a to 21d are successive-
ly lighted from the uppermost one to the lowermost one
is performed in every period T. Thus, the AND circuits
23a to 23d, the shift register 24, and projecting-side
CPU 25 and the receiving-side CPU 35 constitute light-
projecting control means for successively lighting the
group of light-projecting elements by predetermined tim-
ing.
[0024] On the other hand, the light-receiving device 3
has light-receiving amplifiers 32a to 32d for amplifying
received light signals from the PDs 31a to 31d at a pre-
determined degree of amplification. Received light sig-
nals output from the light-receiving amplifiers 32a to 32d
are taken into a comparator 34 via analog switches 33a
to 33d and a common signal line. When the level of re-
ceived light signal exceeds a reference value set in the
comparator 34, an entering-light detection signal Sd is
input from the comparator 34 to the receiving-side CPU
35, thus detecting the entrance of light.

[0025] The receiving-side CPU 35 supplies a shift reg-
ister 36 with a blockage detection timing signal Sr equal
in period and phase to the above-mentioned light-pro-
jecting timing signal St and an interfering-light detection
timing signal Si slightly phase-advanced relative to the
blockage detection timing signal Sr. The shift register 36
supplied with the blockage detection timing signal Sr
and the interfering-light detection timing signal Si from
the receiving-side CPU 35 supplies a gate control signal
to each of the analog switches 33a to 33d connected to
the shift register 36 in the order from the analog switch
33a to the analog switch 33d to turn on these switches,
thereby enabling each of the received light signals from
the PDs 31a to 31d to be input to the comparator 34.
When the blockage detection timing signal Sr is sup-
plied, one of the LED 21a to 21d is in the lighted state
and detection of blockage of light is performed with ref-
erence to the existence/nonexistence of the entering-
light detection signal from the comparator 34. When the
interfering-light detection timing signal Si is supplied,
each of the LEDs 21a to 21d is not lighted and detection
of interfering light is performed with reference to the ex-
istence/nonexistence of the entering-light detection sig-
nal from the comparator 34.
[0026] The operation of the receiving-side CPU 35 will
be described also with reference to FIGS. 3 to 5. When
power for the multiple-axis photoelectric sensor 1 is
turned on, the receiving-side CPU 35 sends out light-
projecting timing signal St to the projecting-side CPU 25
to make this CPU repeat the light-projecting scanning
operation in period T, as shown in FIG. 2. The receiving-
side CPU 35 also supplies blockage detection timing
signal Sr and interfering-light detection timing signal Si
to the shift register 36 to make this shift register turn on
the analog switches 33a to 33d one after another to input
the received light signals from the PDs 31a to 31d to the
comparator 34, thus performing detection of blockage
and interference.

<Detection of Blockage>

[0027] When the level of blockage detection timing
signal Sr is high level (H) as shown in the timing chart
of FIG. 3, a blockage detection routine shown in FIG. 4
is executed. For example, when there is no object block-
ing light on any of the optical axes, light from each of
the LEDs 21a to 21d enters the corresponding one of
the PDs 31a to 31d and the entering-light detection sig-
nal from the comparator 34 is therefore output to the re-
ceiving-side CPU 35 during detection of blockage of
light to each of the PDs 31a to 31d. Accordingly, the re-
ceiving-side CPU 35 determines that light is entering
each of the PDs 31a to 31d (No in S41).
[0028] If light is blocked at the optical axis formed by
the PD 31a, the entering-light detection signal is not out-
put from the comparator 34 even when analog switch
33a to which the PD 31a is connected is turned on, it is
therefore determined that no light is entering the PD
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(Yes in S41), and the detection of blockage of light is
counted (S42). Light from each of the LEDs 21b to 21d
enters the corresponding one of the PDs 31b to 31d,
and the result of step S41 with respect to each of the
PDs 31b to 31d is therefore "No". In the next period, de-
tection of blockage of light to the PDs 31a to 31d is again
performed. At the time of detection of blockage with re-
spect to the PD 31a, the entering-light detection signal
is not output from the comparator 34 and it is therefore
determined that no light is entering the PD 31a (Yes in
S41). The blockage detection count is then incremented
(S42) and it is determined that blockage of light has
been detected at two consecutive times at the optical
axis formed by the PD 31a (Yes in S43). Therefore a
signal is output to an output circuit 37 (S44) to make this
circuit perform processing relating to the blockage of
light. When detection of blockage of light with respect to
the lowermost PD 31d is completed (Yes in S45), the
blockage detection count is reset and the above-de-
scribed operation is repeated. As is apparent from the
above description, the analog switches 33a to 33d, the
comparator 34, the receiving-side CPU 35 and the shift
register 36 function as blockage detection means for de-
tecting blockage of light at each optical axis.

<Detection of Interfering Light>

[0029] On the other hand, when the level of interfer-
ing-light detection timing signal Si is high, an interfering-
light detection routine shown in FIG. 5 is executed. Or-
dinarily, light from any of the light-projecting elements of
the multiple-axis photoelectric sensor 10 does not enter
the multiple-axis photoelectric sensor 1 in the time pe-
riod during which detection of blockage of light through
the multiple-axis photoelectric sensor 1 is performed
(corresponding to the period A shown in FIG. 3) because
the blockage detection timing signal Sr of the multiple-
axis photoelectric sensor 1 and the blockage detection
timing signal of the other multiple-axis photoelectric sen-
sor 10 are not synchronized and not in phase with each
other. Therefore, in the time period during which detec-
tion of interfering light is performed, even when the re-
ceived light signals from the PDs 31a to 31d are suc-
cessively made effective by the analog switches 33a to
33d, the entering-light detection signal is not output from
the comparator 34 and it is determined that no light is
entering any of the PDs 31a to 31d (No in S51). Conse-
quently, entrance of interfering light is not recognized.
[0030] Conversely, since the multiple-axis photoelec-
tric sensors 1 and 10 operate independently of each oth-
er, there is a possibility of timing of detection of blockage
of light to be received by the multiple-axis photoelectric
sensor 10 being delayed to such an extent that the time
period during which detection of blockage of light is per-
formed overlaps on the time axis the time period during
which detection of interfering light the multiple-axis pho-
toelectric sensor 1 is performed. In such a case, light
from some of the light-projecting elements of the multi-

ple-axis photoelectric sensor 10 enters the multiple-axis
photoelectric sensor 1 in the time period during which
the multiple-axis photoelectric sensor 1 performs detec-
tion of interfering light (corresponding to the period B
shown in FIG. 3). First, it is determined that interfering
light has entered the PD31a at the uppermost optical
axis (Yes in S51) and the detection of entering light is
counted (S52). Subsequently, it is determined that inter-
fering light has also entered the PD 31b at the next op-
tical axis (Yes in S51) and the detection of entering light
detection count is counted (S52). It is also determined
that light has entered each of the PD 31c and 31d (Yes
in S51, S52). Then, detection of interfering light to the
PDs 31a to 31d is again performed. After the completion
of detection of interfering light to the PD 31d at the low-
ermost stage (Yes in S53), determination as to the en-
trance of interfering light is made from the interfering
light detection count with respect to each optical axis.
Since the detection count with respect to each axis is
two, it is finally determined that interfering light has en-
tered (Yes in S54). Then, the blank period tb before the
generation of the next pulse of interfering-light detection
timing signal Si is changed to a shorter blank period tc
by being reduced by half of the time period ta between
each adjacent pair of pulses of blockage detection tim-
ing signal Sr (S55). The pulse train of blockage detection
timing signal Sr is shifted leftward as viewed in FIG. 3
relative to the pulse train of this signal (in the top section
in FIG. 3) in the case where the blank period tb is not
reduced. Also, as is apparent from the above description
of the operation, the analog switches 33a to 33d, the
comparator 34, the receiving-side CPU 35 and the shift
register 36 function as changing means for changing the
time at which the light-projecting scanning operation of
the light-projecting control means is started.
[0031] As described above, in the multiple-axis pho-
toelectric sensor 1 of this embodiment, if light enters at
two consecutive times with respect to each of the optical
axes in detection of interfering light, the blank period tb
is reduced by a length of time corresponding to half of
the time period ta between each adjacent pair of pulses
of blockage detection timing signal Sr. If the detected
interfering light is periodic interfering light emitted from
the other multiple-axis photoelectric sensor 10, the po-
sitional relationship between the time at which blockage
of light is detected and the time at which the interfering
light arrives after the change of the blank period is such
that the interval between these times on the time axis is
maximized, thus avoiding entrance of interfering light to
reliably prevent mutual interference. Also, since the oth-
er multiple-axis photoelectric sensor 10 operates inde-
pendently of the multiple-axis photoelectric sensor 1,
there is no need for a sync line for synchronization with
the other multiple-axis photoelectric sensor 10 and the
wiring layout can therefore be simplified.
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<Second Embodiment>

[0032] A second embodiment of the present invention
will be described with reference to FIGS. 6 to 19.
[0033] FIG. 6 schematically shows the electrical con-
figuration of a single-optical-axis photoelectric sensor
61. Referring to FIG. 6, a CPU 62 (corresponding to con-
trol means, blockage detection means, interfering-light
detection means, changing means, count means, and
alarm means) of the photoelectric sensor 61 outputs a
light-projecting pulse to a drive circuit 63 by predeter-
mined timing to project Light from a light-projecting ele-
ment 64 (corresponding to light-projecting means).
[0034] Alight-receiving element 65 is provided by be-
ing opposed to the light-projecting element 64. The light-
receiving element 65 (corresponding to light-receiving
means) is arranged to output a received light signal cor-
responding to light received from the light-projecting el-
ement 64. A light-receiving circuit 66 discriminates and
amplifies an ac signal contained in the received light sig-
nal output from the light-receiving element 65 and out-
puts the amplified signal.
[0035] A comparator 67 compares the received light
signal from the light-receiving circuit 66 with a predeter-
mined reference value and outputs a high level signal if
the signal level of the received light signal is higher than
the reference value. When the CPU 62 is supplied with
a low level signal from the comparator 67 simultaneous-
ly with drive of the light-projecting device 64, it deter-
mines that an object to be detected is positioned be-
tween the light-projecting element 64 and the light-re-
ceiving element 65 and generates a blockage output.
[0036] The CPU 62 is arranged to execute an opera-
tion for avoiding interference. This interference avoid-
ance operation executed by the CPU 62 will be de-
scribed.

(1) In the case where, as shown in FIG. 7, two pho-
toelectric sensors 61 (assumed to be a device 61
whose operation is observed and another device A,
a square symbol representing light-projecting ele-
ment 64, a circular symbol representing light-re-
ceiving element 65) are disposed in parallel with
each other, and where interfering light from the light-
projecting device 64 from another device A enters
the light-receiving element 65 of the observed de-
vice 61,

the observed device 61 monitors interfering
light from another device A during non-projecting
period and slightly shifts the time at which it projects
light away from the time of arrival of interfering light
from another device A in accordance with a first shift
pattern if the time of arrival of interfering light from
another device A is about to overlap the time at
which it projects light (see FIG. 8), thus executing
an interference avoidance operation for avoiding
the influence of interfering light from another device
A.

(2) In the case where, as shown in FIG. 9, three pho-
toelectric sensors 61 (assumed to be a device 61
whose operation is observed and another devices
A and B) are disposed in parallel with each other,
and where interfering light from the light-projecting
device 64 from another devices A and B enters the
observed device 61,

the observed device 61 shifts the light-project-
ing time in accordance with the first shift pattern if
the time of arrival of interfering light from another
device A or B is about to overlap its light-projecting
time, or largely shifts the light-projecting time in ac-
cordance with a second shift pattern by j umping the
time of arrival of interfering light from another device
A before the light-projecting time if the times of ar-
rival of interfering light from another devices A and
B are about to simultaneously overlap its light-pro-
jecting time from the opposite directions (see FIG.
10), thus executing an interference avoidance op-
eration for avoiding the influence of interfering light
from another devices A and B.
(3) In the case where, as shown in FIG. 11, five pho-
toelectric sensors are disposed and where interfer-
ing light from the other two devices A and B enters
the observed device 61, interfering light from the ob-
served device 61 does not enter the device B, and
interfering light from another devices C and D en-
ters the device B,

there is a possibility of the observed device
61 receiving the influence of interference if only the
interference avoidance operation using the second
shift pattern or the like is performed. That is, the de-
vice B may largely shift its light-projecting time by
executing a shift in accordance with the second shift
pattern in order to avoid interfering light from the de-
vices C and D, resulting in an overlap on the light-
projecting time of the observed device 61, as shown
in FIG. 12.

A study was made on conditions for enabling
an interference avoidance operation while setting
the ordinary period of light-projecting timing to six
times the light-projecting time. The reason for set-
ting the ordinary period to six times the light-project-
ing time is because if the period is shorter than six
times the light-projecting time, there is a possibility
of failure to avoid an interfering state even if an in-
terference avoidance operation described below is
executed, and because if the period is excessively
long; the response time is disadvantageously long.
Therefore the ordinary period is set to six times the
light-projecting time as the shortest time period nec-
essary for avoiding interference.

Referring to FIG. 13, in the case where the light-
projecting period is divided into six sub-periods re-
ferred to as terms 1 to 6 hereinafter, and where a
shift in accordance with the second shift pattern is
executed by setting the amount of forward shift to
two terms, a condition of an overlap on the light-
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projecting time of the observed device 61 as a result
of execution of the interference avoidance opera-
tion of another device corresponds to a case where
another device largely shifts the light-projecting
time in accordance with the second shift pattern
when the light-projecting time of the observed de-
vice 61 exists in the term 1, and when the light-pro-
jecting time of another device exists in the term 3.

The overlap condition also corresponds to a
case where when interfering light from another de-
vice is generated in the term 5 as shown in FIG. 14,
the observed device 61 largely shifts the light-pro-
jecting time in accordance with the second shift pat-
tern.

Therefore the condition for avoiding overlap be-
tween the light-projecting time of the observed de-
vice 61 and the time when interfering light arrives
corresponds to a case such as shown in FIG. 15
where interfering light is generated in one of the
terms 2, 4, and 6 while the light-projecting time of
the observed device 61 is set in the term 1. Under
this condition, there is no possibility of overlap be-
tween the light-projecting time of the observed de-
vice 61 and the time of arrival of interfering light from
any of another devices irrespective of which one of
the observed device 61 and another devices exe-
cutes an interference avoidance operation.

If interfering light comes from only one of an-
other devices, it is possible to avoid interfering light
by controlling the light-projecting timing so as to sat-
isfy the above-described positionalrelationship.
However, if interfering light comes from two of an-
other devices, there is a need to further specify the
positional relationship between the light-projecting
time of the observed device and interfering light
from another devices.
(4) In the case where the interval between interfer-
ing lights from another devices is smaller than two
terms as shown in FIG. 16,

a shift in accordance with a third shift pattern
is executed by controlling the light-projecting time
so that the time of arrival of interfering light from an-
other device closer to the light-projecting time of the
observed device 61 is set in the term 4. In this case,
since the interval between the interfering lights be-
tween another devices is short, no overlap on the
light-projecting time of the observed device occurs
even if the time of arrival of interfering light from the
second of another devices is largely shifted in ac-
cordance with the second shift pattern.
(5) In the case where the interval between interfer-
ing lights from another devices is larger than two
terms as shown in FIG. 17,

a shift in accordance with a fourth shift pattern
is executed by controlling the light-projecting time
so that the time of arrival of interfering light from an-
other device closer to the light-projecting time of the
observed device 61 is set in the term 2. In this case,

since the time of arrival of interfering light from the
second of another devices does not exist before the
term 4, no overlap on the light-projecting time of the
observed device occurs even though the time of ar-
rival of interfering light from the second of another
devices is largely shifted in accordance with the
second shift pattern.
(6) In the case where the interval between interfer-
ing lights from another devices is equal to two
terms,

this state occurs as an intermediate state be-
tween the states (4) and (5) and the time of arrival
of interfering light form either of another devices
may be set in the term 2 and interference may be
avoided by executing a shift in accordance with the
third shift pattern.

[0037] Thus, according to this embodiment, if interfer-
ing light from other one or two devices is detected, a
most suitable one of the above-described first to fourth
shift patterns is selected to execute an interference
avoidance operation. This embodiment is characterized
by executing an interference avoidance operation in the
above-described manner.
[0038] The functions of the above-described arrange-
ment will now be described. This embodiment is an ex-
ample of an arrangement capable of reliably avoiding
the interference problem if the number of another devic-
es from which interfering light comes is limited to two.
[0039] FIG. 18 is a flowchart of the operation relating
to the present invention in the operation of the CPU 62.
Referring to FIG. 18, at a time in accordance with the
light-projecting timing (YES in S71), the CPU 62 outputs
a light-projecting pulse (S72), makes a determination as
to whether the output from the comparator 67 is high
level (S73), determines that light is being blocked if the
output is low level (NO in S73), and outputs a blockage
output (S79).
[0040] If the output from the comparator 67 is high lev-
el (YES in S73), the CPU 62 determines that light is en-
tering (S74) and monitors entrance of interfering light
during the predetermined interfering light monitoring pe-
riod. That is, the CPU 62 makes a determination as to
whether the output from the comparator 67 is high level
(S75). If the specified interfering light monitoring period
ends while the output from the comparator 67 at low lev-
el is maintained, the CPU 62 stores N = 0 (no interfering
light) (S77) and executes an interference avoidance op-
eration (S78).
[0041] FIG. 19 shows the interference avoidance op-
eration performed by the CPU 62. Referring to FIG. 19,
if N = 0, the CPU 62 determines that no interfering light
comes from another devices (YES in S91) and projects
light in the ordinary period (S93).
[0042] Referring again to FIG. 18, if the output from
the comparator 67 becomes high level in the interfering
monitoring period (YES in S75), the CUP 62 stores the
time at which it determines that interfering light from one
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of another devices is received (S80). This determination
time is obtained for identification of one of the above-
described six terms divided from the light-projecting pe-
riod to which the time of arrival of interfering light corre-
sponds.
[0043] The CPU 62 checks whether the output from
the comparator 67 becomes high level (S81). If the in-
terfering light monitoring period ends without the com-
parator 67 output becoming high level (YES in S82), the
CPU 62 stores N = 1 (entrance of interfering light from
one device) (S83) and executes an interference avoid-
ance operation (S78).
[0044] That is, as shown in FIG. 19, if N = 1 (YES in
S94), the CPU 62 determines that interfering light from
one of another devices has been received (S95) and ex-
ecutes, for example, a shift of the light-projecting time
in accordance with the first shift pattern to set the time
of arrival of interfering light in the term 2 (S96). In this
case, the time in which the time of arrival of interfering
light is set may alternatively be the term 4 or the term 6.
[0045] In the case where the state in which the output
from the comparator 67 becomes high level occurs two
times in the interfering light monitoring period as shown
in FIG. 18 (YES in S81), the CPU 62 stores the time at
which it determines that interfering light from another of
another devices is received (S84) and stores N = 2 (en-
trance of interfering light from two devices) (S85). The
CPU 62 also makes a determination as to whether the
output from the comparator 67 becomes high level
(S86), and executes an interference avoidance opera-
tion (S78) if the interfering light monitoring period ends
without the comparator 67 output becoming high level
(YES in S87).
[0046] That is, referring to FIG. 19, if each of N = 0
and N = 1 is not satisfied (NO in S94), the CPU 62 de-
termines that interfering light from another of another
devices has entered (S97) and computes the interval
between the interfering lights from the two of another
devices (S98). At this time, if the computation result is
shorter than the length corresponding to two terms (NO
in S99), the CPU 62 executes a shift in accordance with
the third shift pattern by controlling the light-projecting
timing so that the time of arrival of interfering light from
the first of another devices is set in the term 4 while
avoiding overlap on the light-projecting time of the ob-
served device 61 even if the time of arrival of interfering
light from the second of another devices is shifted in ac-
cordance with the second shift pattern.
[0047] If the interval between the interfering lights
from the two of another devices is longer than the length
corresponding to two terms (YES in S99), the CPU 62
executes a shift in accordance with the fourth shift pat-
tern by controlling the light-projecting timing so that the
time of arrival of interfering light from the first of another
devices is set in the term 2 since overlap on the light-
projecting time of the observed device 61 can be avoid-
ed even if the time of arrival of interfering light from the
second of another devices is shifted in accordance with

the second shift pattern.
[0048] In this case, if the interval between the inter-
fering lights from the two of another devices is longer
than the length corresponding to two terms, control us-
ing the third shift pattern may be performed. This meth-
od, however, increases the necessary number of terms
and therefore has the drawback of increasing the light-
projecting period and, hence, the response time.
[0049] Referring to FIG. 18, if interfering light from the
third device in another devices is detected in the inter-
ference monitoring period (YES in S86), the CPU 62 de-
termines that an error due to interfering light has oc-
curred and outputs an interference error result (S88).
This is because while an interference avoidance oper-
ation can be executed with respect to interfering light
from two of another devices in this embodiment, an in-
terference avoidance operation cannot be executed
with respect to interfering light from three or more of an-
other devices. An interference avoidance operation may
be executed with respect to interfering light from three
or more of another devices by predicting all possible
points to which the time of arrival of interfering light from
any of all another devices may be shifted, and by con-
trolling the light-projecting timing so as to avoid shifting
to such points. In the description with reference to FIGS.
18 and 19, the description of a mode of the operation
with respect to the second shift pattern in which the light-
projecting time is shifted by jumping the time of arrival
of interfering light existing before the light-projecting
time in the case where the times of arrival of interfering
light from another devices are about to simultaneously
overlap the light-projecting time was omitted.
[0050] According to the above-described embodi-
ment, when interfering light from one of another devices
is detected during the non-projecting period even
though an interfering light is shifted due to a mutual in-
terference avoidance operations, a shift in accordance
with a shift pattern is executed by controlling the light-
projecting timing of the observed device so the light-pro-
jecting time of the observed device and the time of ar-
rival of interfering light from another device are in such
a relationship that no overlap occurs therebetween, thus
preventing the time of arrival of interfering light from any
of another devices and the light-projecting time of the
observed device from overlapping each other, in con-
trast with the conventional arrangement in which there
is a possibility of overlap between the light-projecting
time of one device and the time of arrival of interfering
light from another device due to an interference avoid-
ance operation performed by another device.
[0051] Also, in the case where interfering light enters
the observed device from other two devices, if the time
interval between the interfering lights from the two de-
vices is larger than the large amount of shift by which
the time of arrival of interfering light from the second of
the other two devices is shifted in accordance with the
second shift pattern, a shift in accordance with the fourth
shift pattern is executed by controlling the light-project-
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ing time of the observed device so that this light-project-
ing time is set immediately before the time of arrival of
interfering light from the first of another devices, thereby
preventing an excessive increase in light-projecting pe-
riod, in contrast with the arrangement in which only a
shift in accordance with the third shift pattern is executed
such that the light-projecting time of the observed device
is before the time of arrival of interfering light from an-
other devices shifted by a certain amount.

<Other Embodiments>

[0052] The present invention is not limited to the em-
bodiments thereof described above with reference to
the accompanying drawings. For example, embodi-
ments such as those described below are also included
in the technical scope of the present invention, and var-
ious changes and modifications other than those de-
scribed below may be made without departing from the
scope of the invention.

(1) In the above-described first embodiment, the
blank period is changed by being reduced on con-
dition that interfering light is detected at two consec-
utive times with respect to each of the optical axes.
Alternatively, for example, the blank period tb may
be changed on condition that interfering light is de-
tected one time or at three or more consecutive
times.
(2) In the first embodiment, the blank period tb may
be changed not only by being reduced but also by
being increased. Also, the same effect may be
achieved by changing the interval ta between the
pulses of the blockage detection timing signal.
(3) In the above-described second embodiment, the
pattern for shifting the light-projecting timing by
jumping the time of arrival of interfering light may
be such that the time of arrival of interfering light
existing after the light-projecting timing is jumped.
(4) The arrangement of the second embodiment
may be applied to a multiple-axis photoelectric sen-
sor in which a plurality of light-projecting elements
constitute light-projecting means; a plurality of light-
receiving element constitute light-receiving means;
and an object existing in a detection area between
the light-projecting means and the light-receiving
means is detected by successively causing the
light-projecting elements to emit light and succes-
sively making the light-receiving elements opera-
ble. In such a case, the light-receiving means re-
ceives a plurality of received light signals with re-
sponse to emissions of light from the plurality of
light-projecting elements during one light-projecting
time (one-scan period) in the above-described em-
bodiment, but each received light signal is proc-
essed as one received light signal. Also, detection
of interfering light during a non-projecting period
may be performed on the basis of the logical sum

of the received light signals from all the light-receiv-
ing elements in a interfering light detection period.

Claims

1. A multiple-axis photoelectric sensor characterized
by comprising a plurality of light-projecting ele-
ments, a plurality of light-receiving elements provid-
ed each opposed to said light-projecting elements
to form a plurality of optical axes, light-projecting
control means for repeating a light-projecting scan
operation including causing said plurality of light-
projecting elements to be successively lighted at a
predetermined timing, blockage detection means
for detecting a blockage of light at each of the optical
axes by detecting a received light signal from each
of said light-receiving elements in synchronization
with lighting of said light-projecting elements op-
posed to said light-receiving elements and forming
the optical axes, and interfering-light detection
means for detecting the existence of interfering light
based on the received signals from said light-re-
ceiving means in a period during which none of said
light-projecting elements is lighted,

said multiple-axis photoelectric sensor being
characterized by comprising changing means for
changing the time at which the light-projecting scan
operation is started in the operation of said light-pro-
jecting control means when interfering light is de-
tected by said interfering-light detection means.

2. The multiple-axis photoelectric sensor according to
claim 1, characterized in that said changing
means shifts the time at which the light-projecting
scan operation is started by an amount of time cor-
responding to half the interval with which said light-
projecting elements are lighted when interfering
light is detected by said interfering-light detection
means.

3. A photoelectric sensor having:

light-projecting means for performing a light-
projecting operation at predetermined timing to
irradiate a detection area with light;
light-receiving means provided in correspond-
ence with said light-projecting means to receive
light from said detection area;
blockage detection means for making a re-
ceived light signal from said light-receiving
means effective in synchronization with the tim-
ing of lighting of said light-projecting means
corresponding to said light-receiving means,
and for detecting a blockage of light in said de-
tection area from the received light signal from
said light-receiving means which has been
made effective; and
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interfering-light detection means for detecting
the existence of interfering light based on the
received signal from said light-receiving means
during a non-projecting period of said light-pro-
jecting means,
said photoelectric sensor being characterized
by comprising changing means having a plu-
rality of shift patters in which amounts of shift
and directions of shifts of said light-projecting
timing are specified, said changing means se-
lecting one of said shift patterns such that even
if timing of detection of interfering light from an-
other photoelectric sensor detected by said in-
terfering-light detection means is shifted by ex-
ecution of a shift in accordance of any of the
shift patterns in said another photoelectric sen-
sor, the timing of detection of the interfering
light and the timing of projection of light from
this photoelectric sensor do not overlap each
other, said changing means changing the light-
projecting timing in accordance with the select-
ed shift pattern.

4. The photoelectric sensor according to claim 3,
characterized in that in a case where the interfer-
ing light from said another photoelectric sensor de-
tected by said interfering-light detection means is
about to overlap the light-projecting timing of said
light-projecting means, said changing means exe-
cutes a shift in accordance with the first shift pattern
whereby the light-projecting timing is shifted by a
small amount away from the interfering light;

in that in a case where interfering lights from
other two photoelectric sensors are about to overlap
the light-projecting timing from opposite directions,
said changing means executes a shift in accord-
ance with the second shift pattern whereby the light-
projecting timing is shifted to jump one of the inter-
fering lights; and

in that in a case where the interfering light
from said another photoelectric sensor exists at a
position distanced by a predetermined amount from
the light-projecting timing larger than the amount of
shift in said second shift pattern, said changing
means executes a shift in accordance with the third
shift pattern whereby the light-projecting timing is
shifted so that the position distanced by the prede-
termined amount from the interfering light is main-
tained even if the timing of detection of the interfer-
ing light from said another photoelectric sensor is
shifted.

5. The photoelectric sensor according to claim 4,
characterized in that if the interval between the in-
terfering lights from the other two photoelectric sen-
sors is larger than the amount of shift in the second
shift pattern in a case where said changing means
shifts the light-projecting timing with respect to the

interfering lights from the other two photoelectric
sensors, said changing means executes a shift in
accordance with the fourth shift pattern with priority
over the shift in accordance with the third shift pat-
tern whereby the light-projecting timing is shifted so
that one of the interfering lights from the other two
photoelectric sensors closer to the light-projecting
timing is set adjacent to the light-projecting timing
opposite from the direction of shift in the second
shift pattern.

6. The photoelectric sensor according to any one of
claims 3 to 5, characterized by comprising:

count means for counting the number of inter-
fering lights from other photoelectric sensors
detected by said interfering-light detection
means during one non-projecting period; and
alarm means for notifying an inability to prevent
interference if the count value of said count
means exceeds the number at which interfer-
ence can be avoided.

7. The photoelectric sensor according to any one of
claims 3 to 5, characterized in that said light-pro-
jecting means has a plurality of light-projecting ele-
ments and successively causes the light-projecting
elements to project light; said light-receiving means
has apluralityof light-receiving means correspond-
ing to said light-projecting elements; and said block-
age detection means makes a received light signal
from each of said light-receiving element effective
in synchronization with the timing of lighting of each
of light-projecting elements corresponding to the
light-receiving element, and detects a blockage of
light in said detection area from the received light
signals from said light-receiving elements which
have been made effective, and

in that the time period between the time at
which the light-projecting element in the first rank in
said light-projecting means projects light and the
time at which the light-projecting element in the last
rank projects light is set as one cycle of light-pro-
jecting timing.

8. The photoelectric sensor according to claim 6,
characterized in that said light-projecting means
has a plurality of light-projecting elements and suc-
cessively causes the light-projecting elements to
project light; said light-receiving means has a plu-
rality of light-receiving means corresponding to said
light-projecting elements; and said blockage detec-
tion means makes a received light signal from each
of said light-receiving element effective in synchro-
nization with the timing of lighting of each of light-
projecting elements corresponding to the light-re-
ceiving element, and detects a blockage of light in
said detection area from the received light signals
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from said light-receiving elements which have been
made effective, and

in that the time period between the time at
which the light-projecting element in the first rank in
said light-projecting means projects light and the
time at which the light-projecting element in the last
rank projects light is set as one cycle of light-pro-
jecting timing.
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